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WHAT IS CLAIMED IS: 

1- A process for cross-Unking sulfonyl groups of a sulfonated polymers wherein 
at least a fraction of the cross-linking bonds bear an ionic charge, the process comprising 
contacUng the polymer with the cross-linking agent allowing the reaction between two 
5 sulfonyl groups from adjacent polymeric chains, to form the said cross-linking bonds. 

2. Process according to claim 1 wherein the cross-linking bonds are of die type: 
P-SO,-'5r(M>SO,-P'; or 

P-SO,(lV(ny-SO,.(Q-SO,),Y-(M*)SOj-P' 
10 wherein 

- P and P' are the same or different and are part of a polymeric chain; 

- Y comprises N or CR wherein R comprises H, CN. F. SO,K\ C,.„ alkyi substituted ot 
unsubstituted; C,.„ aiyl substituted or unsubstituted; C,.,o alkylene substituted or 
unsubsUtuted, wherem the substituent comprises one or more halogen, and wherein the 

1 s chain comprises one or more substituent F, SOjR, aza. oxa, thia ou dioxathia; 

- R^ comprises F, C,jo alkyl substituted or unsubstituted; C,jo atyl substituted or 
unsubstituted; C,.„ alkylene substituted or unsubstituted, wherein the substituent 
comprises one or more halogens; 

- M* comprises an inorganic or organic cation; 

20 - Q comprises a divalent radical C,.„ alkyl, C,.„ oxaalkyl, C,.„ azaalkyi, C,.„ thiaalkyl, 
C|,2o aryl or C,.,o alkylaiyl, each being optionally substituted by one or more halogens, 
and wherein the chain comprises one or more substituents oxa, aza or thia; and 

- r is 0 or I . 
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» 0,™™uiU. cation or » o,^c ctton op.io».l,y ^ „ ^ 

organic radicals comprising; 

1 8 carbon atoms; 

- . cyclic or h..«o=yclic .liph..ie radicd comprising ft„„ 4 ,0 26 cb.„ 
optionally con^ri.i„g one ohain „ ^ ^ 

" as nitrogen, oxygen or sulfur; 

- » aorl, „ .o-talkyl, „ Ikyl.^, „d .„ altoylao-I of ftom S .0 25 cAon .ton.s 
optionally con,p«in« one or more h.^a«m» in tt,. a„,ma.ic „„cl«s or in . 
substituent. 



4. P,oce« «:co«iing tt. ddm 3 wh««n the meUl comprises an alkalin. meW. 
» alkaline^ metal, a r«c eanh or a Sansition metal; fl.e 0.^0 metallic cation 
comprises metallocedun, an arane-mctallocanum, an alkybUy,. .„ „ „ 

alkyltin, and the organic cation comprise. (omum), NR- (ammoniim,). 

R"C(NHR»V («mtiinium), C(NHR'V (guanidlitium). C,R-N- (pyridinlum), C,R"N,- 
» (imida^olium). C,RX' (Iriazoli,™), C,R"N.« (imidazolirtum). SR" (sulfb„iu„„. PR- 
(Phosphonium). ciodomum), (C^",,cr (catbonium). wh«,i„ R" is d.fi„,d as m 
organic radical as defined rt,ove. and *h«, an organic ouion comprises a, leas, ,»,„ 
radical. R" diffetent 60m H. these radicals can fonn u^geUtcr a cycle, aromatic or m.t, 
eventually containing the center bearing the catioiUc chaige. 

25 
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5. Process according to claim 2 wherein the divalent radical and the sulfonated 
polymer are psrtially or completely fluoiinated. 

6. Process according to claim 1, wherein a leaving group is linked to the sulfonyl 
s groups before perfoiming the cross-linking. 

7. Process according to claim 6 wherein the leaving group comprises F, CI, Br, an 
electrophilic heterocycle N-imidazolyl. N-triazolyl, R^'SO,. R» being an organic radical 
optionally halogenated, the organic radical comprising: 

- a proton, an alkyl. an alkenyl, an oxaalkyl» an oxaalkenyl. an azaalkyl. an azaalkenyl, 
a thiaalkyi, a thlaalkenyl, a dialkylazo. a silaalkyl optionally hydrolysable, a silaalkenyl 
optionally hydrolysable, each being straight, branched or cyclic and comprising fix»m 1 to 
18 carbon atoms; 

- a cyclic or heterocyclic aliphatic radical comprising from 4 to 26 carbon atoms 
15 optionally comprising at least one lateral chain comprising one or more heteroatoms such 

as nitrogen, oxygen or sulfur; 

- an aiyl, an atylalkyl, an alkylaryl and an alkenylaiyl of from 5 to 26 carbon atoms 
. optionally comprising one or more heteroatoms in the aromatic nucleus or in a 

substituent. . 

20 

8. Process according to claim 2 wherein the cross-linking agent comprises an 
organometallic comprising orgatio-lithium, organo-magnesium, magnesium or organo- 
aluminium, or a compound of general fonnula: 
(M*)A,Y-; 
25 (NOAYSO,YA(lsr); 
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(M*)Ays6,Q'srACM*) 

wherein Y, Q and M are as defined above, and A comprises M, Si(R%, Ge(R% or Sn(R'), 
wherein R' is C,.„ allcyle. 



5 9, Process according to claim 8 wherein A comprises a trialkylsilyl group. 

10. Process according to claim 8 wherein the cross-linking agent comprises LI,N; 
CjAl,: [(CH,),Si]aNLi (or Na or K); NH, + 3 DABCO; 
CF3S0,C[(CH,),Si][Li(TMEDA)],; (CH,)3CNH, + 3 TEA; NH,SO,NH, + 4 TEA; 
10 [KCH,)3Si](Li)N],S0,; [(TMEDA)(Mg)N],SO,; CH,Li; (CH3),A1: NH,Li (or Na or K); 
[[Si(CH,)3)(Li)NS0,],CF,; [U[Si(CH,)3]NS0,CFJ,CF,: [(Li)Si(CHJ,NSO,CFJ; 
[Li[Si(CH,),]NSO,CF,CFJ,0: SO^CI, + 3 DABCO; SO,(jmidazole),; [FSO^CF,], + 3 
TEA; (ClSOjCFJCF, + 3 DABCO and (FSO,CF,CF,),0 + 3 DABCO. 

IS 11. Process according to claim 1 wherein the non cross-linked polymer is molded 

before being cross-linked. 

12. Process according to claim 1 wherein the non cross-linked polymer is 
mechanically blended with the cross-linking agent, pressed and heated. 

20 



13. Process according to claim 1 wherein the non cross-linked polymer is molded 
and contacted with a solution of the cross-linking agent in an inert solvent. 



5 



3.0 



MAR. 30. 2004 1 1:37AM CHOATE HALL & STEWART 6172484000 ^NO. 340 P. 48 — 

- 37 - 

14. Process according to claim 13 wherein the cross-linking density is controlled 
by the time of immersion in the solvent, the temperature of the solvent, or tiie cross- 
linking agent concentration in the solvent. 

15. Process according to claim 13 wherein the solvent comprises aromatic 
hydrocarbons, hydrocarbons and aliphatic ethers partially or completely halogenatcd, 
THF, alkylethers of mono-, di- tri- and tetraethylene glycols (glymes). tertiaiy 
alkylaraides including DMF, N^methylpyrrolidone, tetramethylur^a and its cycling 
analogues, N-alkylimidazoles, tetraalkylsuliamides, and mixture thereof.. 

16. Process according to claim 2 wherein the non cross-linked polymer is molded 
and contacted with the cross-linking agent and a non cross-linking ionogenc agent to form 
end groups -SO, 0^), or -[SO,YS02R]-(M*), R being an organic radical as defined 
above, preferably halogenated, and particularly perfluorinated. 

17. Process according to claim 16 wherein the non cross-linked polymer is 
molded and contacted sequentially or simuUarieously with the cross-Unking agent and the 
non cross-linking ionogene agent. 

18. Process according to claim 16 wherein the non cross-linking ionogene agent 
comprises CCH,)3SiO-(M*) or [(CH,),SiNSOjCR,]-(M*) wherein M* is as defined above 
and Rp is an alkyl, oxaalkyl, azaalkyl or thiaalkyl radical essentially perfluorinated and 
comprising from 1 to 12 carbon atoms. 



15 
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polymer before the cross-linking. 

20. An elccttoch^id cC. wh«.i„ . ™„,ta«e 3 ™.,takcd 
5 polymer accoiding WclaimlisusedMaMUdeleolrelyte. 

21. A ceU .ccordtag cWn. 20 ccnpmtag . „„, . ^ 
Ikal-^oddc ««. «, acid o, SI., ^, „ „ o„n^p„.d„^ 

22. A cU i^ordmg to claim 21 6mJ„g ,„ of .fl«j.cll wh«i,. M' i. . 
hy*««lp„to„.„dfl„podUv.cl„.,od.cn,prise,aaoxyge„.^ci,^^y„. 

23. A suIfonat«l polymer comprising in whole or in part aoss-Um^ smmyl 
g^upa. and Wherein « leaa. a ftacUon of U,o cro«.li„kU« bonds bear a. ionic eh.,,.. 



15 



24. A polymer according to claim 23 wherein the cross-linking bonds are of the 

type: 

P-SO,-Y-(M*)-SO,-P' 

P-SO,(M0Y-SO,.(Q.SO,),Y-(M*)SO,.P' 
2 0 wherein 

- P, P', Y, Q, M* and r are as defined in claim 2. 

25. A polymer according to claim 24 wherein comprises the proton, a metal 
cation, aia organometalUc cation or an organic cation optionally substituted by one or 
2 s more organic radical comprising: 
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. .hiaaM. . Waalkenyl. a dial^aao. . silaalkyl opUo^II, hydiolysabl.. a dl^Uk^yi 
optionally Mrolys^,!.. betag sleight bnmdwi „ .ycUc and comprising torn I to 
18 carbon atoms; 

^ - a cyclic or heterocyclic aliphatic radical comprising ftom 4 to 26 carbon atoms 
optionally comprising at least one lateml chain comprising one or more hete«,atoms such 
as nitrogen, oxygen or sulfiir; 

- an aiyl. an arylalkyl, an alkylaryl and an alkenylao^l of from 5 to 26 carbon atoms 
optionally compridng one or more heteroatoms in Ihc aromatic nucleus or in a 
10 substituent. 

26. A polymer according to claim 25 whei^in the metal comprises an alkaline 
metal, an alkaline-earth metal, a rare earth or a transition metal; the organic metallic 
catwn comprises metallocenium. an arene-metallocenium. an alkykilyl, an alkylgermanyl 
IS or an alkyltin. and the organic cation comprises R"0* (onium), NR"^ (ammonium). 
R"C(NHR'V (amidinium), CCNHR"),* (guanidinium), C,R-N* (pyridinium). C3R"N,* 
(imidazolium). C,R"N/ (triazolium). C,R"N,^ (imidazoUnium). SR"* (sulfonium). PR"* 
(phosphonium). IR"* (iodonium). (CeR"),C* (carbonium). wherein R" is defined as an 
organic radical as defined above, and when an organic cation comprises at least two 
20 radicals R" different from H. these radicals can form together a cycle, aromatic or not. 
eventually containing the center bearing the cationic charge. 

27. A. polymer according to claim 24 wherein the divalent radical and the 
sulfonated polymer are partially or completely fluorinated. 

25 
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monomers: 



28. A polymer according to claim 23 derived fiom at least of the following 




CFa^CFio-CFg-CFio-CFa-CFa-SOaL 
X-* n 

F • 



^FcFz-CplcJ-CFa-CFz^OzL 



10 



or: 



CFjbCF 




SOgL 




CF2=CF— SO2L. 
SO2L 



E-CZ=CZ, 



denoted as: 
CZ2=CZ-E 




^SO-L J 



SO2L 



wherein 
15 -XisF.ClorCFj: 

- n varies between 0 and 10 inclusively; 
-E is absent, 0,S. SO,; 
-ZisHorF;and 

- L is a leaving group. 
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e,cc^,^ „ . ^ ^ ^^^^^^^ ^ 

for ^..^ ^.^,e„, ^^^^ 

polymensatioiH esterifications and acetal formations. 



